Bambangan (Mangifera pajang) is one of the underutilised tropical fruits found in the Borneo islands (Malaysia, Indonesia and Brunei). The physicochemical and thermal properties of bambangan kernel fat (BKF) were investigated in an effort to identify an innovative fat that could be exploited in confectionery applications. The fatty acids and triglyceride (TG) contents, melting behaviour and solid fat content (SFC) of the BKF were determined by various chromatographic and thermal techniques. BKF had three main TGs, namely 1-palmitoyl-2-oleoyl-3-stearoyl-glycerol (POS) (11.6%), 1,3-distearoyl-2-oleoyl-glycerol (SOS) (28.7%) and 1-stearoyl-2,3-dioleoyl-glycerol (SOO) (11.2%), with SOS being the major component. Stearic, oleic and palmitic acids were the dominant fatty acids with the area percentage of 36.4%, 44.5% and 8.4%, respectively. The melting behaviour indicated a single curve with only one maximum shoulder. With respect to the physicochemical and thermal properties, BKF is ideal for use in formulations (blending components) as an alternative to CB in food products, especially confectionary products.
Introduction
Mangifera pajang is a member of the Anacardiaceae family, and it is native to Borneo Island. The tree can grow around 30 m tall. In Sabah and Sarawak in Malaysia, it is known as bambangan or embawang. Bambangan is a species in the mango group. Its fruit is three times larger in size compared to the mango fruit (Hassan et al., 2011) . Like mango (Mangifera indica), bambangan is popular in Sabah, Malaysia (Bakar et al., 2009) . Bambangan fruit, like other fruits, has three layers: the outer part (peel), a fleshy mesocarp (pulp) and a relatively hard endocarp (shell) containing the embryo known as the bambangan kernel. Bambangan is not only used for eating, but it also used for the production of juice, pickles and various functional foods (Ibrahim et al., 2010) . The kernel represents 10-25% of the weight of the total fruit. Bambangan kernels are available in large quantities as a by-product.
In the past decade, interest in the study of bambangan fruit has increased. The proximate composition and antioxidant activities of bambangan fruit pulp were studied by Ibrahim et al. (2010) . The study revealed that the protein, carbohydrate, ascorbic acid and ash content were high in M. pajang juice powder. Furthermore, M. pajang pulp was rich in fibre, gross energy, phenolic and carotene content. Moreover, the authors claimed that M. pajang juice powder could be used as a good source for the preparation of a health drink because of its high antioxidant activity and high ascorbic acid, protein and carbohydrate content. The seed and peel of bambangan are usually discarded as waste. Thus, the study of the bambangan fruit wastes is very important; the properties of the waste products must be elucidated so that strategies may be devised to convert them into a new source of food while reducing waste production. The flesh and peel of bambangan have been analysed for the phenolic, flavonoid and anthocyanin content by many researchers (Bakar et al., 2009; Hassan et al., 2011) .
Vegetable fats and oils are normally obtained from oilseeds, such as sesame, soya bean, cottonseed and rapeseed, and are widely used in the food, pharmaceuticals, cosmetics and chemical industries (Kadivar et al., 2016) . Among these sources, cocoa butter (CB) is highly appreciated because of its physical and chemical characteristics. According to the limited literature available, the fat of the bambangan kernel can be considered a new alternative source for cocoa butter because of its chemical composition (Azrina et al., 2015) . However, there are no studies that have been conducted on the triglyceride content and thermal properties, as well as the possible utilisation of bambangan kernel fat (BKF). Thus, by elucidating its thermal behaviour and triglyceride content and conducting related analyses, we can determine the suitability of BKF as a CB alternative. This study was the first investigation on BKF that may bridge the knowledge gap in missing data for further studies about this fat. The aim of this study was to determine the thermal and physicochemical properties, such as melting behaviour, solid fat content (SFC), specific gravity, refractive index, fatty acids, triglycerides, iodine, saponification, peroxide and acid values of BKF. Moreover, the crystal morphology of BKF was also determined to provide information that may contribute to human well-being by establishing whether BKF can be used as a new food source.
Materials and methods

Materials
Mature bambangan fruits were collected from Sabah, Malaysia. n-hexane, AR grade (Merck, Germany) methanol, toluene, cyclohexane, glacial acetic acid, isopropanol, ethanol, potassium hydroxide, potassium iodide, Wij's solution (QREC, Asia Sdn Bhd, Malaysia), sodium thiosulphate, potassium dichromate (Bendosen Laboratory chemicals, Malaysia), hydrochloric acid (HACH, Germany), starch (Bendosen Laboratory chemicals) and phenolphthalein indicator (R & M Essen, UK) were purchased from Kuala Lumpur, Malaysia. Standards were purchased from SigmaAldrich, Germany.
Preparation of bambangan kernel
A random sample of mature bambangan fruit (ripe) was collected directly from the farmers with the assistance of the local Agricultural Extension Officer. The ripe bambangan fruits were carefully pulled from trees and packed in separate plastic bags. The kernels from the randomly sampled bambangan fruits were separated manually from the pulp and washed with water. The bambangan kernels were stored at À18°C and then spread out on trays to accelerate drying at 50°C for 18 h. The dried samples were ground into powder and passed through a 200-lm sieve to obtain desired particle sizes (particle size <200 lm). The bambangan kernel powder was then kept in a desiccator until further use for experimental analysis.
Determination of moisture content
The moisture content of the bambangan kernel sample was determined by the PORIM test method No. p5.2 (1995) . The moisture content of fresh bambangan kernels was 58.4%, whereas the moisture content of dried bambangan kernel powder was 8.5%.
Extraction of bambangan kernel fat (BKF) using Soxhlet method
BKF was extracted from 15 g of kernel powder in a Soxhlet extractor for 8 h using n-hexane as a solvent. The solvent was evaporated using a rotary vacuum evaporator (Buchi RE 121, Germany) and then dried in an oven at 45°C for 2 h. The extracted fat was weighted and stored at À20°C until further analysis. All extractions were conducted in triplicate. The following equation was used to determine the total fat yield of 100 g of bambangan kernel powder on a dry weight basis and was expressed as a percentage:
Total fat yield
¼
Mass of extracted bambangan fat Mass of bambangan kernel powder Â 100 ð1Þ
Determination of physicochemical properties
The physicochemical properties, such as specific gravity, refractive index, saponification value, iodine value, peroxide value and free fatty acids (FFA), were determined, according to methods described by the American Oil Chemists' Society (AOCS, 2003) .
Fukubayashi (2010) with some modifications. An Agilent 6890N gas chromatography coupled with an Agilent MS-5973 mass-selective detector (Agilent Technologies, USA, serial no. US14113031) was used for FAME analysis. The FAMEs were injected through an Agilent autosampler 7683 series injector onto the HP-5MS column (30 m dimension, 0.25 mm i.d., 0.25 lm film thickness). The initial oven temperature was set at 150°C for 2 min and increased 4°C min À1 up to 230°C and then kept at 230°C for 5 min. The injector and detector temperatures were held at 240°C and 260°C, respectively. Helium was used as a carrier gas at a flow rate of 0.8 mL min À1 , and 1:50 was the split ratio. For the operation of the mass spectrometer, 70 eV electron impact (EI) in the 50-550 m/z scan range was applied. For the analysis, ChemStation integrated software (Agilent Technologies) was used and mass spectra were collected by AMDIS software.
Determination of triglycerides by high-performance liquid chromatography (HPLC)
The triglycerides in BKF were analysed using a HPLC method developed by the American Oil Chemists' Society (American Oil Chemists' Society (AOCS), 2003) with slight modification. A 10% BKF solution was prepared using acetone, and then the solution was filtered through a TE 36 membrane filter (PTFE; 0.45 lm) (Millipore) before being injected into the HPLC. The Agilent HPLC instrument (Agilent HPLC Series 1200, Degasser Model G1322A, Quaternary Pump Model G1311A, RI Detector Model G1362A) and a Lichrospher 100 RP-18e HPLC column (4 mm i.d. 9250 mm length) were used to determine triglyceride content. The detailed procedure is described in our previous study (Jahurul et al., 2014a) . Analyses were conducted in triplicate.
Determination of SFC by pulsed nuclear magnetic resonance (pNMR)
According to the method developed by Fiebig & L€ uttke (2003) , SFC of BKF as a function of temperature was determined by pNMR (Bruker minispec mq20 NMR analyser). BKF was tempered at 80°C for 30 min, followed by chilling at 0°C for 90 min and then maintained at the desired temperature for 30 min prior to measurements. The thermostat bath (pre-equilibrated) was used to conduct the melting, chilling and holding of the BKF. The detailed procedure is described in our previous study (Jahurul et al., 2014a) . All analyses were conducted in triplicates.
Analysis of melting characteristics by differential scanning calorimetry (DSC)
The melting characteristics of BKF were determined using Perkin-Elmer Diamond differential scanning calorimetry (DSC Q200, TA Instrument). The DSC instrument was calibrated using indium. The BKF was melted at 80°C. Approximately, 3-5 mg of molten BKF was transferred to standard DSC aluminium pans and then hermetically sealed. The pans were then placed in vials and melted at 80°C for 30 min. The detailed procedure is described in our previous study (Jahurul et al., 2014a) . All analyses were carried out in triplicate.
Crystal morphological study by polarised light microscopy (PLM)
The microstructure of the crystal network of BKF was monitored by PLM (Nikon, ECLIPSE E200, Tokyo, Japan) equipped with a digital camera. The method developed by Narine & Marangoni (1999) was used with slight modification. The BKF was melted at 80°C for 30 min to destroy any crystal memory. Approximately 15 lL of melted BKF was placed on the microscopic slide, which was heated at the same temperature. The procedure is described in our previous study (Jahurul et al., 2014a) . All analyses were carried out in triplicate.
Results and discussion
Total fat content in bambangan kernel
Fruit seeds are a good source of fat or oil that can have several applications in food. The total fat content in bambangan kernels was found to be 9.9 g/100 g on a dry weight basis. Although the bambangan kernel is not categorised as an oilseed, the suitable fat content makes the seed kernel a potential source of edible fat. The total fat content of the bambangan kernel is comparable with that reported by Abdalla et al. (2007) , Muchiri et al. (2012) and Jahurul et al. (2014b) for various mango varieties cultivated in Egypt, Kenya and Malaysia, respectively.
Physicochemical properties of BKF
Fatty acids
This is the first report on the details of the fatty acids identified in BKF. Table 1 shows the fatty acids present in BKF that were extracted by the Soxhlet method. For example, GC-MS chromatogram of BKF is shown in Fig. 1 . In BKF, a total nine fatty acids were identified. The myristic (C 14 ) acid content was the lowest. Palmitic (C 16 ), stearic (C 18:0 ), oleic (C 18:1 ) and linoleic (C 18:2 ) acids were the main fatty acids found in BKF. Among the fatty acids, stearic and oleic acids were the dominant fatty acids. BKF contained 48.6% saturated fatty acids, and the ratio of the stearic/oleic acids was 0.8%. Palmitic and stearic acids were the main saturated fatty acids, whereas oleic and linoleic acids were the major unsaturated fatty acids. Arachidic, linoleic and linolenic acids were the remaining fatty acids (Table 1 ). The major fatty acids content of BKF was in close agreement with that of mango seed fats reported by Abdalla et al. (2007) , Momeny et al. (2013) and Jahurul et al. (2014b) . However, the contents varied to a small extent from those reported by Muchiri et al. (2012) for different mango varieties. The contents of linolenic and arachidic acids in BKF were in agreement with those reported by Lakshminarayana et al. (1983) , Ali et al. (1985) and Jahurul et al. (2014b) for different mango varieties cultivated in India, Bangladesh and Malaysia, respectively. The investigated fatty acid contents of promising BKF were comparable to the contents of palmitic, stearic and oleic acids in CB alternatives, such as sal, shea, kokum and illipe butter.
Triglyceride composition
The analysis of triglycerides of BKF is important because there is a lack of information. Table 2 shows the results of the triglycerides content. Generally, fats and oils are referred to as triglyceride major constituents. Triglycerides are constituted by fatty acids, which contribute to the different chemical and physical properties. Palmitic, stearic, oleic and linoleic acids are the main fatty acids found in BKF. Therefore, triglycerides of the studied BKF composed of these fatty acids. BKF had three main triglycerides, namely 1-palmitoyl-2-oleoyl-3-stearoyl-glycerol (POS), 1,3-distearoyl-2-oleoyl-glycerol (SOS) and 1-stearoyl-2,3-dioleoyl-glycerol (SOO). The SOS was the major triglyceride, followed by POS, SOO and POP (1,3-dipalmitoyl-2-oleoyl-glycerol). The contents of SOS, POS, SOO and POP of BKF were comparable with triglycerides of different mango seed fats reported by Hol capek et al. (2005), Gunjikar (2005) , Lidefelt (2007) and Jahurul et al. (2014c) . The investigated triglyceride contents of promising BKF were also comparable to the content of SOS, POS and POP in CB alternatives, such as sal, shea, kokum and illipe butter. It is well known that blending of SOS-rich fats in CB or chocolate products increases the solid fat content (Reddy & Prabhakar, 1994; Maheshwari & Reddy, 2005) . Therefore, SOS-rich BKF could be used as suitable raw materials for the production of high-temperature-resistant hard butter in countries with a hot climate (Jahurul et al., 2014a) .
Iodine value
Iodine value is an important indicator of the degree of unsaturation and hardness of fats or oils because the iodide molecules react with the double bonds of the fatty acids (Nielsen, 1994) . The quality of fats or oils can also be predicted based on the iodine value. The iodine value determined for BKF is shown in Table 3 . The iodine value for BKF in this study was higher compared to the reported iodine values for some mango seed fats by Momeny et al. (2013) , Jahurul et al. (2014b) and for commercial CB by Chaiseri & Dimick (1989) . Conversely, it was lower when compared to the reported iodine values for zebda, balady and succary mango fats by Abdalla et al. (2007) . The iodine value for BKF is in agreement with the iodine value for Kent and Chokanan mango fats reported by Muchiri et al. (2012) and Jahurul et al. (2014b) . It is noted that the BKF had more unsaturated fatty acids. Moreover, the difference in iodine value could be caused by weather and seasonal variability (PereyraIrujo et al., 2009) . During heavy rain, the quality of most fruits produced is lower than those harvested during the hot and dry weather. In addition, the species of the fruit or the variety of the species could affect the degree of saturation of fatty acids in the kernel fat (Abdalla et al., 2007) . As a potential CB substitute, the iodine value of the fat should be comparable to the iodine value of commercial CB. Thus, the iodine value of BKF can be reduced through a controlled hydrogenation process to that desired for CB.
Saponification value
The saponification value indicates the average chain length of fatty acids present in fat. Higher saponification values in fats indicate shorter chain lengths of fatty acids and vice versa. The saponification value determined for the BKF is shown in Table 3 . The saponification value for BKF was comparable to that of mango seed fats (Muchiri et al., 2012; Jahurul et al., 2014b) . However, in BKF, the saponification value was higher compared to that in other CB equivalents, such as illipe butter (190.7) and kokum butter (189) (Raju & Reni, 2001; Rahman et al., 2011) . The saponification value observed was closer to that of commercial CB, ranging from 191 to 198 mg KOH g À1 fat (Manifie, 1999) .
Peroxide Value
Peroxide value is a measure of oxidation that enhances rancidity of fats and oils. A low peroxide value reflects a low oxidation process of oils or fats (Brown, 2008) . The peroxide value of BKF was 0.9 mEq kg À1 (Table 3) . A lower peroxide value for BKF was observed, which indicates that it is stable and has low rancidity. Moreover, it could be regarded as high-quality fat because of the low level of peroxide value. The value obtained is in agreement with the peroxide value for mango varieties reported by Ali et al. (1985) , Abdalla et al. (2007) and Muchiri et al. (2012) . Moreover, the peroxide value of BKF was comparable to the commercial CB (Hamid & Damit, 2004) .
Acid Value
Acid value of the BKF was 4.3% (Table 3 ). The acid value of BKF was close to that of some mango verities Values are means AE standard deviations of triplicate determinations. a Muchiri et al. (2012);  such as Dodo (4.5%), Arumanis (4.6%) and Benishan (4.5%) cultivated in Kenya, Malaysia and India (Lakshminarayana et al., 1983; Muchiri et al., 2012; Jahurul et al., 2014b) . A high amount of free fatty acid present in oil or fat could be caused by a high oxidation rate. The higher acid value of BKF could be attributed to the high level of linoleic acid which is very unstable. The acid value of BKF was comparable to that of CB alternatives, such as shea butter but was higher than that of commercial CB (Rahman et al., 2011) . Although there was a higher acid value found in BKF, it can be reduced by refining either through chemical or physical processes to that of the desired CB.
Specific gravity
The specific gravity is an important physical characteristic because it is indicative of the handling and storage of vegetable oils. Typically, the specific gravity of fats and oils is less than 1.0, making fats and oils less dense and capable of floating on water. The specific gravity of BKF is shown in Table 3 . This is the first report for the determination of specific gravity in BKF. Recently, the specific gravity of mango fats of the four varieties was studied by Muchiri et al. (2012) . Their results varied from 0.9017 to 0.908. Moreover, the values obtained were in agreement with the specific gravity of edible oils, such as corn oil (0.9095), cottonseed (0.9148), palm (0.9180), soybean (0.9138) and peanut oils (0.9026) (Barnwal & Sharma, 2005) .
Refractive index
This was the first report on the refractive index of BKF. The refractive index of BKF is shown in 2007; Gee, 2007; Qiu et al., 2011) . The result was also found to be comparable to that of the commercial CB (1.4578-1.4582) (Hamid & Damit, 2004) . The slightly high refractive index of BKF appeared to confirm the high number of carbon atoms present in their fatty acids. It was also increased because of the higher number of double bonds (Eromosele & Paschal, 2003; Falade et al., 2008) . The high concentration of stearic, oleic and linoleic acids may have contributed to the slightly higher refractive index obtained in this study.
DSC melting thermograms
This is the first report on DSC melting curve of BKF. Figure 2a shows the DSC melting curve of BKF. The melting curve is relatively simple and showed a great similarity to that of commercial CB. BKF showed one maxima for melting with maximum temperature ranges from 28.6 to 40.0°C. Our results are in agreement with the results reported by Jahurul et al. (2014c) , Sol ıs-Fuentes & Dur an-de-Baz ua (2004) and Sonwai et al. (2012) for mango seed fat. The authors reported the highest maxima with temperatures at 34.6 to 42.2°C. In the present study, small differences in peak temperatures were observed. These differences in melting curves could be due to the variation in fatty acids in mango seed fat and BKF. The BKF clearly demonstrated its potential as a candidate for the major constituent of CB alternative, as judged by its relatively smoother melting curve.
Solid fat content (SFC)
This is the first report on SFC of BKF. Figure 2b shows the relationships between SFC and the temperatures of BKF. The SFC contents at 10-20°C were higher. Opposite trend was observed at 25°C and above, where the SFC dramatically decreased. BKF showed SFC equal to 22.2% at 25°C and a complete melting above 40°C. The incomplete melting of all substances might have been caused by the existence of long-chain saturated fatty acids (behenic and lignoceric acids) that need higher temperatures to complete melting. Moreover, BKF contained higher levels of 1,3-distearoyl-2-oleoyl-glycerol, which required higher melting temperatures similar to that reported for the kokum and mahua fat (Jeyarani & Reddy, 1999; Maheshwari & Reddy, 2005) . From the temperature ranges of 20-25°C, approximately 18.6% of the SFC was depleted; a decrease of about 15.6% was observed from 25-30°C, which was also the highest melting rate within the entire SFC analysis. As illustrated in Fig. 2b , the BKF is softer at lower temperatures, whereas it is harder at higher temperatures. This behaviour is probably due to the fatty acids in particular long-chain saturated fatty acids that might be influencing the requirement for higher temperatures for complete melting of BKF. The SFC of BKF obtained in this study was similar with those of other studies for mango seed fat (Sol ıs-Fuentes & Dur an-de-Baz ua, 2004; Sonwai et al., 2012; Jahurul et al., 2014a,c) .
Morphological study
The polarised light microphotograph of BKF is shown in Fig. 3 . The fat crystal network of BKF was a mixture of various tightly packed crystalline materials. The microstructure of the crystals of BKF was spherulites consisting of needle-like crystals radiating and branching outward from the central nuclei. Moreover, a three-dimensional network was formed by the collection of microstructures through the aggregation process (Fig. 3 ). Similar observations have been reported by Marangoni & Narine (2002) , Brunello et al. (2003) and Jahurul et al. (2014a,c) who studied crystal network of commercial CB and CB alternative fats by PLM.
Conclusion
This is the first report on the determination of physicochemical and thermal properties, such as fatty acids, triglycerides, SFC, melting behaviour, specific gravity, refractive index, iodine, saponification, peroxide, acid values and morphology of BKF. It was necessary to conduct this study as it may contribute to human well-being, suggesting the use of kernel fat as a new food source. The fat possessed an iodine value of 50.3 AE 0.9 g iodine/100 g fat, saponification value of 191.5 AE 2.5 mg KOH g À1 , peroxide value of 0.9 AE 0.3 mEq kg À1 , acid value of 4.3 AE 0.2 mg KOH g À1 , refractive index 1.4594 AE 0.02 and specific gravity of 0.9188 AE 0.01; these values similar to those of CB alternatives. Based on the results, BKF is a very promising alternative source of food that could be used as an excellent supplement. The data also suggested that the fat obtained from the bambangan kernel is similar to that of mango, illipe, shea and CB and could therefore be used in the food industry as a substitute for these fats. Therefore, BKF can be used as blending components for developing CB alternatives with improved physicochemical and thermal properties that are closer to that of commercial CB.
